DNA and 2'F-ANA Initial Structures for MD Simulations. The original structure of the 2'F-ANA/ANA duplex (PDB 2LSC 1 ) contains U nucleobases in the ANA strand. These bases were modified to T bases (using the Schrodinger's Maestro molecular modeling software 2 ) to match the analogous DickersonDrew DNA sequence (PDB 4C64 3 ). Finally, the sugar moieties in the ANA strand were replaced with the corresponding ones in 2'F-ANA to obtain a 2'F-ANA/2'F-ANA duplex.
All MD simulations were carried out using the NAMD 2.11 software. 8 Both nucleic acid structures were first optimized by means of 8 x 10 4 energy minimization steps. For DNA, the minimization was followed by solvent equilibration (using a Langevin thermostat, with a damping coefficient of 1.0 ps -1 for the Langevin dynamics), by gradually increasing the temperature from 293 K (crystallization temperature at which the system was equilibrated for 225 ps) to 295.5 K (for 50 ps), and finally to 298 K (for further 50 ps). For 2'F-ANA, we only carried out 225 ps of solvent equilibration at 209 K, namely, the temperature at which the 2'F-ANA solution structure was obtained. Next, both systems were equilibrated at constant temperature and pressure for 1.5 ns, using Langevin thermostat and piston 9, 10 (temperature = 298 K, pressure = 1 atm; barostat period = 100 fs, characteristic damping time = 50 fs, damping coefficient = 2.0 ps -1 ). The final MD production runs covered 50 ns, with a time step of 0.5 fs. The DNA and 2'F-ANA snapshots used for electronic coupling calculations were taken each nanosecond from 10 to 50 ns. Fig. S1 shows the RMSD evolutions over this time range for the backbone and the base pairs.
Calculation of the Electronic Couplings.
The hole transfer mainly proceeds through the sequence of stacked nucleobases, and the electronic couplings between adjacent nucleobase pairs are critical parameters to determine the efficiency of the hole transport, regardless of the kinetic model used to study the double-strand conductance. Thus, for each selected MD snapshot we pruned dimers of base pairs (from the set highlighted in Fig. 2 ) from the dodecamer structures. The resulting dangling bonds were saturated by H atoms, whose positions were optimized by B3LYP/6-311G** calculations in the presence of the electron hole (that is, with a total charge of +1). All DFT computations were carried out using the NWChem package 11 (versions 6.5 and 6.6), except for the two calculations with the B97M-V functional 12 , which were carried out using QChem 13 (version 4.4) . Wave functions and energies of the diabatic states (where the excess positive charge is constrained on either the donor or the acceptor base pair) were obtained using CDFT as specified in the main text. The overlap parameters in eqn (1) were obtained exploiting the ET module in the NWChem code or the overlap matrix provided in the QChem output.
The electronic coupling values associated with the MD snapshots of DNA and 2'F-ANA are reported in Table S1 and diagrammed in Figs. S2-S5. The norms of the corresponding ground-state vectors (as expanded on the pertinent diabatic states) are given in Table S2 . When the two-state approximation is exactly satisfied, the normalization condition √ 2 + 2 + 2 = 1 holds. Table S2 shows that the norm of the ground-state vector is very close to 1 (namely, well above 0.99) in most cases, while a few values are in the range 0.97-0.99, thus supporting the validity of the two-state approximation. 
